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ENGINE EXHAUST TREATMENT APPARATUS AND METHOD OF USE 
This application is a continuation-in-part of U.S. 
patent application serial number 08/350,297, filed Decem- 
5 ber 6, 1994. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 The present invention relates to apparatus for and a 

method of treating engine exhaust gases to reduce pollu- 
tants contained therein. More specifically, the present 
invention concerns apparatus containing catalysts of two 
different types, one of which may be a "close-coupled cat- 

15 alyst" which is free of an oxygen storage component. 

Related Art 

Motor vehicle exhaust treatment devices such as cata- 
lytic converters have conventionally been located in an 

20 underfloor position in the vehicles. However, by the time 
engine exhaust gases travel through an exhaust pipe to an 
underfloor position, they cool significantly relative to 
the temperature at or near the engine outlet, so there is 
a significant period of low conversion activity before the 

25 exhaust gases heat the catalyst to its light-off tempera- 
ture. Accordingly, during the cold- start period of engine 
operation there is a significant discharge of unconverted 
exhaust gas. Increasingly stringent governmental emis- 
sions standards require, however, that cold-start emis- 

30 sions be reduced. In particular, the California Resource 
Board (CARB) has announced new ultra-low emission vehicle 
standards that will prohibit vehicle emissions above 0.04 
grams of non-methane hydrocarbons per mile, 1.7 grams 
carbon monoxide per mile and 0.2 grams NO x per mile. For 

35 most motor vehicles, a large portion (up to 80%) of the 

hydrocarbon emissions occurs during the first phase of the 
U.S. Federal Test Procedure ("FTP"), which encompasses the 
cold-start period of engine operation, and which requires 
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simulation of cold-start, warm-up, acceleration, cruise, 
deceleration and similar engine operating modes over a 
specified time period. A variety of technologies are 

5 under development to reduce cold-start hydrocarbon emis- 
sions, including the use of close-coupled catalysts as 
disclosed, e.g., in Ball, D.J., "Distribution of Warm-Up 
and Underfloor Catalyst Volumes", SAE 922338. It has been 
reported that close-coupled catalysts, especially Pd-con- 

10 taining catalysts, are effective for reducing HC emissions 
during cold-start of the FTP cycle. 

The principal function of close-coupled catalysts, 
also referred to as "precat" and "warm-up" catalysts, is 
to reduce hydrocarbon emissions during cold-start. Cold- 

15 start is the period immediately after starting the engine 
from ambient conditions. The length of the cold-start 
period depends on the ambient temperature, the type of 
engine, the engine control system and engine operation. 
Typically, the cold-start period is within the first two 

20 minutes after the start of an engine at ambient tempera- 
ture. FTP Test 1975 characterizes cold-start as the first 
bag (i.e., exhaust gas sample) of the FTP driving cycle 
which lasts for the first 505 seconds after starting an 
engine at ambient temperature, which is generally consid- 

25 ered to be 25°C. In an exhaust apparatus comprising a 

close-coupled catalyst, at least part of the total exhaust 
system catalyst is positioned closer to the engine than a 
traditional "underfloor catalyst". Specifically, the 
close-coupled catalyst is located in the engine compart - 

30 ment, i.e., beneath the hood and adjacent to the exhaust 
manifold. The close-coupled catalyst can constitute the 
entire catalyst mass of the exhaust treatment apparatus or 
it can be used in conjunction with an underfloor catalyst. 
The design option depends on the engine configuration, 

35 size and space available. Due to its proximity to the en- 
gine relative to the underfloor catalyst, the close-coup- 
led catalyst receives exhaust gas at a higher temperature 
than the underfloor catalyst. Accordingly, the close- 
coupled catalyst attains its light-off temperature more 
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quickly than an underfloor catalyst and therefore reduces 
emissions earlier relative to the cold-start period. On 
the other hand, a catalyst in a close-coupled position re- 

5 ceives exhaust gas at operating temperatures, i.e., post- 
cold-start period temperatures, higher than those at which 
an underfloor catalyst receives the exhaust gas. As a 
consequence, the close-coupled catalyst must have high 
temperature stability, as discussed in Bhasin, M. et al, 

10 "Novel Catalyst for Treating Exhaust Gases For Internal 
Combustion and Stationary Source Engines", SAE 93054, 
1993. 

A typical underfloor motor vehicle catalyst is a 
three-way conversion catalyst ("TWC") which catalyzes the 

15 oxidation of the unburned hydrocarbons and carbon monoxide 
and the reduction of nitrogen oxides to nitrogen. TWC 
catalysts, which exhibit good activity and long life, typ- 
ically comprise one or more platinum group metals (e.g., 
platinum or palladium, rhodium, ruthenium and iridium) , 

20 optionally with one or more base metals, dispersed on a 
high-surface area, refractory oxide support, e.g., parti- 
cles of high-surface area alumina, to form a catalytic 
material. The catalytic material is carried on a suitable 
carrier or substrate such as a monolithic carrier compris- 

25 ing a refractory ceramic or metal honeycomb structure, or 
refractory particles such as spheres or short, extruded 
segments of a suitable refractory material. High-surface 
area alumina support materials, also referred to as "gam- 
ma-alumina" (although it usually contains other phases of 

30 alumina in addition to gamma) or "activated alumina", typ- 
ically exhibit a BET surface area in excess of 60 square 
meters per gram ("m 2 /g"), often up to about 200 m 2 /g or 
more. It is known to utilize refractory metal oxides oth- 
er than activated alumina as a support for at least some 

35 of the catalytic components in a given catalyst. For ex- 
ample, bulk cerium oxide, zirconium oxide, alpha-alumina 
and other materials are known for such use. Many of these 
other materials suffer from the disadvantage of having a 
considerably lower BET surface area than activated alumi- 
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na, but that disadvantage tends to be offset by a greater 
durability of the resulting catalyst. 

In a moving vehicle, exhaust gas temperatures can 

5 reach 1000°C, and such elevated temperatures cause the 
activated alumina (or other) support material to undergo 
thermal degradation caused by a phase transition with 
accompanying volume shrinkage, especially in the presence 
of steam, whereby the catalytic metal becomes occluded in 

10 the shrunken support medium with a loss of exposed cata- 
lyst surface area and a corresponding decrease in catalyt- 
ic activity. It is a known expedient in the art to stabi- 
lize alumina supports against such thermal degradation by 
the use of materials such as zirconium oxide, titanium 

15 oxide, alkaline earth metal oxides such as barium oxide, 
calcium oxide or strontium oxide or rare earth metal 
oxides, such as cerium oxide, lanthanum oxide and mixtures 
of two or more rare earth metal oxides. For example, see 
CD. Keith et al U.S. Patent 4,171,288. 

20 U.S. Patent 4,504,598 discloses a process for produc- 

ing a high temperature-resistant TWC catalyst. The pro- 
cess includes forming an aqueous slurry of particles of 
activated or gamma-alumina and impregnating the alumina 
with soluble salts of selected metals including cerium, 

25 zirconium, at least one of iron and nickel and at least 

one of platinum, palladium and rhodium and, optionally, at 
least one of neodymium, lanthanum, and praseodymium. The 
impregnated alumina is calcined at 600°C and then dis- 
persed in water to prepare a slurry which is coated on a 

30 honeycomb carrier and dried to obtain a finished catalyst. 



SUMMARY OF THE INVENTION 

The present invention relates to an engine exhaust 
treatment apparatus for abating pollutants contained in 
35 the exhaust stream of the engine. The apparatus defines a 
flow path for the exhaust and comprises an upstream cata- 
lyst member comprising an upstream catalytic material ef- 
fective for catalyzing the oxidation of hydrocarbons and 
comprising a platinum group metal component dispersed on a 
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refractory metal oxide first support. The upstream cata- 
lytic material is substantially free of oxygen storage 
component. There is also a downstream catalyst member 
5 comprising a downstream catalytic material which is effec- 
tive at least for the oxidation of hydrocarbons and which 
comprises one or more catalytic metal components dispersed 
on a refractory metal oxide support and an oxygen storage 
components . 

10 According to one aspect of the invention, the up- 

stream catalyst member may comprise a first close-coupled 
catalyst member and the platinum group metal component 
thereof may comprise a palladium component. Optionally, 
the upstream catalytic material may be substantially free 

15 of rhodium. However, the downstream catalytic material 
optionally comprises rhodium. 

The downstream catalyst member may comprise an under- 
floor catalyst member or a second close-coupled catalyst 
member that may comprise a palladium component and an oxy- 

20 gen storage component. There may be both a second close- 
coupled catalyst member and an underfloor catalyst member. 
An underfloor catalyst member preferably comprises a 
three-way catalytic material. 

According to one aspect of the invention, the first 

25 close-coupled catalyst member and the second close-coupled 
catalyst member may have different cross-sectional dimen- 
sions and may be disposed in separate canisters. Alterna- 
tively, the first close-coupled catalyst member and the 
second close-coupled catalyst member have like cross-sec- 

30 tional dimensions and may be disposed within the same can- 
ister. 

According to another aspect of the invention, the 
first and the second catalyst members may each comprise a 
catalytic material comprising palladium and the underfloor 
35 catalytic material may comprise a catalytic material com- 
prising rhodium. 

Optionally, the upstream catalytic material may com- 
prise at least one rare earth metal oxide selected from 
the group consisting of neodymium oxide and lanthanum 
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oxide . 

An engine exhaust treatment apparatus according to 
the present invention may comprise (a) a first close-coup- 

5 led, catalyst member comprising a first catalytic material 
effective for catalyzing the oxidation of hydrocarbons and 
comprising a palladium catalytic component dispersed on a 
refractory metal oxide first support, the first catalytic 
material being substantially free of rhodium and oxygen 

10 storage components; (b) a second closed-coupled catalyst 
member comprising a second catalytic material effective at 
least for the oxidation of hydrocarbons; and (c) an under- 
floor catalyst member comprising a third catalytic mate- 
rial effective for three-way abatement of pollutants. At 

15 least one of the second close-coupled downstream catalyst 
member and the underfloor member may comprise an oxygen 
storage component. The first catalytic material may com- 
prise at least one of an alkaline earth metal oxide, a 
rare earth metal oxide other than cerium oxide or praseo- 

20 dymium oxide, and zirconium oxide. 

In various embodiments, the first close-coupled cata- 
lyst member may comprise from about 0.5 to about 3.5 g/in 3 
of activated alumina and at least about 50 g/ft 3 of palla- 
dium component calculated as palladium metal and from 

25 about 0.05 to about 0.5 g/in 3 of the at least one alkaline 
earth metal component, calculated as the oxide. Option- 
ally, the first close-coupled catalyst member may comprise 
from about 0.05 g/in 3 to about 0.4 g/in 3 of strontium 
oxide; not more than about 0.5 g/in 3 of zirconium oxide 

30 incorporated into the support material; and not more than 
about 0.5 g/in 3 of at least one rare earth metal oxide 
selected from the group consisting of lanthanum oxide and 
neodymium oxide. 

The first close-coupled catalyst member may comprise 

35 at least 60 g/ft 3 of a platinum group metal component, 
e.g., from about 75 to 300 g/ft 3 , and the platinum group 
metal component may principally comprise a palladium com- 
ponent. 

In various embodiments, the first close-coupled cata- 
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lyst member may comprise from about 0.75 to about 2.0 
g/in 3 of activated alumina support material; and at least 
one component selected from the group consisting of from 

5 about 0.05 to about 0.4 g/in 3 of strontium oxide; from 

about 0.05 to about 0.2 g/in 3 of barium oxide; from about 
0.025 to about 0.3 g/in 3 of lanthanum oxide; from about 
0.025 to about 0.3 g/in 3 of neodymium oxide; and from 
about 0.05 to about 0.5 g/in 3 of zirconium oxide. 

IQ in a particular embodiment an exhaust treatment appa- 

ratus of the present invention may comprise a first close- 
coupled catalyst member comprising about 300 g/ft 3 palla- 
dium, 1.23 g/in 3 alumina, 0.19 g/in 3 lanthanum oxide, 0.1 
g/in 3 zirconium oxide, 0.1 g/in 3 strontium oxide and 0.16 

15 g/in 3 neodymiun oxide. The apparatus may further comprise 
a second close-coupled catalyst member comprising about 
110 g/ft 3 palladium, 1.4 g/ft 3 , 1.4 g/in 3 alumina, 0.8 
g/in 3 cerium oxide, 0.5 g/in 3 cerium oxide-zirconium oxide 
composite, 0.24 g/in 3 zirconium oxide, 0.2 g/in 3 lanthanum 

20 oxide, 0.1 g/in 3 neodymium oxide, 0.1 g/in 3 strontium ox- 
ide, 0.07 g/in 3 nickel oxide and 0.06 g/in 3 barium oxide. 
There may also be an underfloor catalyst comprising about 
91.9 g/ft 3 palladium, 6.56 g/ft 3 rhodium, 6.56 g/ft 3 plat- 
inum, 1.5 g/in 3 alumina, 1.7 g/in 3 cerium oxide-zirconium 

25 oxide composite, 0.1 g/in 3 neodymium oxide, 0.25 g/in 3 
strontium oxide, 0.125 g/in 3 zirconium oxide, and 0.075 
g/in 3 lanthanum oxide. 

The present invention also relates to a method for 
treating the exhaust gas from an engine having an exhaust 

30 gas outlet. The method comprises flowing the exhaust gas 
from the exhaust gas outlet of the engine through an 
exhaust gas treatment apparatus as defined above. The 
method may comprise converting at least 10% of the carbon 
monoxide in the exhaust gas at the at least one downstream 

35 catalyst. By way of example, the method may comprise con- 
verting at least 25%, or at least 30%, or at least 4 0%, of 
the carbon monoxide in the exhaust gas at the at least one 
downstream catalyst. 

As used herein and in the claims, the term "oxygen 
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storage component" refers to multivalent, reducible tran- 
sition metal oxides of the type which is believed to be 
capable of taking up oxygen from an exhaust stream during 

5 relatively oxygen-rich periods and releasing oxygen into 
the gas stream during relatively oxygen-poor periods . 
Such oxygen storage components include oxides of cerium, 
cobalt, iron, magnesium, molybdenum, nickel, praseodymium, 
tungsten and vanadium. As used herein and in the claims 

10 the term "oxygen storage component" does not pertain to 

any form, including oxides, of platinum group metals or to 
neodymium oxide or lanthanum oxide. 

As used herein and in the claims, the term "close- 
coupled", as it pertains to a catalyst member or to a 

15 canister containing a catalyst member, refers to a posi- 
tion in the flow path defined by the exhaust apparatus in 
which, during steady state medium or high load engine 
operating conditions the exhaust is at a temperature of at 
least about 600°C upon initial contact with the catalyst. 

20 Typically, a close-coupled catalyst is located in the 

engine compartment of a motor vehicle, and is disposed in 
the exhaust flow path close to the exhaust outlet of the 
engine, for example, within about twelve inches or less 
from the exhaust manifold outlet along the flow path of 

25 the exhaust gas, so that the exhaust gas does not cool 

significantly before it comes into contact with the cata- 
lyst. Optionally, a close-coupled catalyst may be posi- 
tioned at or within the exhaust manifold. Consequently, 
the inlet exhaust to the close-coupled catalyst is usually 

30 at a temperature of from about 600° to 1000°C, more usual- 
ly from about 600° to 800°C. Optionally, a close-coupled 
catalyst may be positioned in the exhaust manifold itself. 
The term "underfloor" as it pertains to a catalyst means a 
catalyst which is positioned in the exhaust apparatus 

35 downstream of an upstream catalyst and which, under steady 
state engine operating conditions, receives exhaust gas at 
temperatures lower than about 600 °C, usually at from about 
200° to 600°C, more usually from about 300° to 550°C. 
Typically, an underfloor catalyst is positioned beneath 
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the floor board of a vehicle and outside the engine com- 
partment, although it need not necessarily be so posi- 
tioned. 

5 Reference herein and in the claims to the quantity 

("loading") of particular components of a catalyst member 
or catalytic material are expressed as either grams per 
cubic foot ( "g/f t 3 " ) or grams per cubic inch ("g/in 3 "). 
These weight per unit volume units are employed to accom- 

10 modate the voids provided by the gas flow passages of a 
"carrier member" which, as used herein and in the claims, 
means a body having a plurality of gas flow passages ex- 
tending therethrough and on which a coating of the cata- 
lytic material is disposed. Typical carrier members are 

15 described below- The type which has a plurality of paral- 
lel gas flow passages formed therein are sometimes below 
referred to as "honey comb- type" carriers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure 1 is a schematic representation of one config- 

uration of an exhaust gas treatment apparatus comprising 
in accordance with one embodiment of the present inven- 
tion; 

Figure 2 is a schematic representation of an exhaust 
25 gas treatment apparatus in accordance with one embodiment 
of the present invention; 

Figure 3 is a schematic representation of an exhaust 
gas treatment apparatus in accordance with another embodi- 
ment of the present invention comprising a first and sec- 
30 ond close-coupled catalyst canisters that contain close- 
coupled members of different cross-sectional configura- 
tion; and 

Figure 4 is a schematic representation of a close- 
coupled catalyst canister containing first and second 
35 close-coupled catalyst members having like cross-sectional 
configurations, for use in an apparatus in accordance with 
yet another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS THEREOF 
An exhaust treatment apparatus in general accordance 

5 with the present invention comprises at least two catalyst 
members in the flow path of the exhaust gas from a hydro- 
carbon fuel-driven spark ignition engine. Each catalyst 
member comprises a catalytic material effective to convert 
noxious components of the exhaust gas to innocuous sub- 

10 stances. One catalyst member is upstream from at least 
one other catalyst member, and the most upstream of the 
catalyst members comprises a catalytic material that is 
substantially free of oxygen storage components. 

By excluding oxygen storage components from the up- 

15 stream catalyst in accordance with the present invention, 
the rate of conversion of CO to C0 2 in the upstream cata- 
lyst is controlled, to enable CO to pass to a downstream 
catalyst. Reducing the amount of CO oxidation in the up- 
stream or first catalyst member will result in lower oper- 

20 ating temperature and greater durability of the upstream 
catalyst member. This is because the heat of CO oxidation 
would exacerbate the high-temperature conditions that 
prevail at the upstream position, where exhaust gas compo- 
nents are concentrated and the resultant exothermic cata- 

25 lytic activity can lead to over-temperature failure of the 
upstream catalyst member. The CO that passes to a down- 
stream catalyst member will enhance the performance of the 
downstream catalyst member, which receives a pollutant- 
diminished exhaust gas stream which may be cooled by tra- 

30 vel through the exhaust system pipes. Such enhancement 

occurs because the CO is easily oxidized at the downstream 
catalyst member, releasing its heat of oxidation to raise 
the downstream catalyst member to its light-off tempera- 
ture more quickly than would be the case if the CO had 

35 been oxidized upstream, because some of the heat released 
upstream would have dissipated before reaching the down- 
stream catalyst member. In addition, CO can act as a 
reductant for the catalytic reduction of NO x by the down- 
stream catalyst member. 
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Preferably, the upstream catalyst member is a first 
close-coupled catalyst member, i.e., it is the first cat- 
alyst member which the exhaust encounters and is disposed 

5 in close proximity to the exhaust outlet of the engine and 
is therefore exposed to higher temperature exhaust gas 
than a conventional underfloor catalyst member. For 
example, the first, close-coupled catalyst member may be 
coupled in the exhaust flow path within about one foot 

10 from the outlet of the engine exhaust manifold. The first 
close-coupled upstream catalyst member comprises an "up- 
stream" or first catalytic material, which is effective at 
least to oxidize hydrocarbons, is stable at high operating 
temperatures. The upstream catalytic material may also be 

15 effective for catalyzing the oxidation of carbon monoxide 
as well as the reduction of nitrogen oxides ( "NO x " ) at 
operating temperatures although such three-way conversion 
capability is not essential for the first close-coupled 
catalyst member. 

20 The catalytic material of an upstream or first close- 

coupled catalyst comprises a platinum group metal compo- 
nent that preferably comprises a palladium component, 
i.e., palladium in elemental metal form, oxide form, as an 
alloy or compound or in any other catalytically effective 

2 5 form, dispersed on a refractory inorganic oxide support 

material such as alumina, silica, titania and/or zirconium 
oxide. The catalytic material is deposited onto a suit- 
able carrier, as is well-known in the art. 

In addition to a palladium component, the platinum 

30 group metal component of the upstream or first close- 
coupled catalytic material may comprise one or more other 
platinum group metals selected from the group consisting 
of platinum, ruthenium and iridium, with the quantity of 
the palladium component exceeding the combined quantity of 

35 other platinum group metal components, as measured on the 
basis of the elemental metals. In other words, the plati- 
num group metal component of the upstream catalytic mate- 
rial may principally comprise a palladium component. 

Since the upstream catalyst member is exposed to such 



WO 97/23278 



PCT/US96/13641 



-12- 

high temperatures, the platinum group metal component of 
the upstream catalytic material may optionally be substan- 
tially free of rhodium. Rhodium, which may be advantage- 

5 ously included in downstream catalytic materials to pro- 
mote N0 X reduction, would not be effective in the high 
temperature environment of the upstream catalyst member, 
and so may be omitted therefrom without significant loss 
in catalytic activity- Also, since rhodium is quite ex- 

10 pensive, economic savings accrue when rhodium is not added 
to the upstream catalytic material. 

The upstream or first catalytic material preferably 
further comprises at least one alkaline earth metal oxide 
and at least one of neodymium oxide and lanthanum oxide. 

15 In a preferred embodiment, the upstream or first 

close-coupled catalytic material comprises a palladium 
component dispersed on an activated alumina support mate- 
rial, strontium oxide, neodymium oxide, lanthanum oxide 
and zirconium oxide. 

2 0 Contrary to the teachings in the prior art that ceri- 

um oxide be included in a catalyst exposed to high temper- 
atures, the first close-coupled catalyst, in accordance 
with the teachings of the present invention, comprises a 
catalytic material that is substantially free of, i.e., it 

25 contains not more than trace amounts of, oxygen storage 

components, including cerium oxide and praseodymium oxide. 
While lanthanum oxide is not considered to be an oxygen 
storage component, commercial grades of lanthanum oxide 
often contain minor proportions of cerium oxide therein as 

30 a contaminant. The quantity of cerium oxide introduced 
into the first catalytic material through the incorpora- 
tion of lanthanum oxide is not expected to endow a signif- 
icant oxygen storage capability to the catalyst. The 
amount of cerium oxide in such case will comprise less 

35 than about 5 percent of the catalytic material by weight. 
More typically, the oxygen storage component comprises 
less than 1 percent, preferably less than 0.5 percent, 
most preferably less than 0.1 percent by weight of the 
catalytic material. As explained above, by substantially 
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excluding oxygen storage components in the first close- 
coupled catalyst, the longevity of the first close-coupled 
catalyst is enhanced and the conversion activity of the 

5 downstream catalyst may be enhanced as well. Further, 
excluding ceria as an oxygen-storage component in the 
upstream catalytic material avoids detrimental interaction 
between the ceria and palladium (which is the preferred 
upstream catalytic component) which can be exacerbated by 

10 high temperatures. 

At a point downstream from the upstream or first 
close-coupled catalyst member the apparatus comprises at 
least one catalyst member which is effective at least for 
the oxidation of hydrocarbons and carbon monoxide, and 

15 which preferably comprises a three-way catalyst and an ox- 
ygen storage component. The downstream catalytic material 
also preferably comprises rhodium in an amount sufficient 
to promote the reduction of NO x . The downstream catalyst 
member may be disposed in a close-coupled position down- 

20 stream from the first close-coupled catalyst member. Al- 
ternatively, the downstream catalyst member may be in an 
underfloor position. There may be more than one catalyst 
member downstream from the upstream catalyst member, e.g., 
there may be both a downstream or second close-coupled 

25 catalyst member and an underfloor catalyst member. In 

such case, the second close-coupled catalyst member serves 
to enhance pollutant conversion performance at a point 
that facilitates monitoring of catalytic performance for 
purposes of California Air Resources Board ("CARB" ) regu- 

30 lations concerning on-board diagnostics ( "OBD II") regula- 
tions. In addition, the activity of the second close- 
coupled catalyst member enhances the performance of the 
underfloor catalyst member by raising the temperature of 
the exhaust gas, thus accelerating the rate at which the 

35 underfloor catalyst member attains its operating tempera- 
ture. 

Any suitable three-way catalytic materials known in 
the art may be used for the downstream catalyst member(s). 
Such catalytic materials typically comprise a platinum 
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group metal component comprising one or more metals se- 
lected from the group consisting of platinum, palladium, 
rhodium, ruthenium and iridium, e.g., dispersed on a re- 

5 fractory support material, e.g., one or more of activated 
alumina, silica, titania, silica-alumina, alumina-sili- 
cates, aluminum-zirconium oxide, alumina-chromia and alu- 
mina-cerium oxide. 

Downstream catalytic compositions preferably comprise 

10 at least one alkaline earth metal oxide component such as 
magnesium, barium, calcium and strontium oxides, incorpo- 
rated into the support material as stabilizers for the 
support material. Barium and strontium oxides are pre- 
ferred. In addition, a downstream catalyst may include 

15 rare earth metal components, preferably lanthanum and 

neodymium components, which are believed to promote hydro- 
carbon oxidation and N0 X reduction. Three-way catalytic 
materials useful in downstream catalyst members of the 
present invention are disclosed in U.S. Serial No. 

20 08/265,076 entitled, "Layered Catalyst Composite", the 
disclosure of which is hereby incorporated herein by 
reference. Briefly restated, application Serial No. 
08/265,076 describes a layered catalyst composition in two 
layers of catalytic material coated onto a carrier member. 

25 The first or bottom layer comprises a palladium component 
dispersed on a first support material, e.g., alumina, and 
a first oxygen storage component, e.g., ceria and/or pra- 
seodymia, in intimate contact with the palladium compo- 
nent, and the second or top layer comprises a palladium 

30 component. To establish intimate contact between the 
oxygen storage component and the palladium in the first 
layer, a solution containing a soluble precursor of the 
oxygen storage component, e.g., cerium nitrate, is impreg- 
nated into support particles bearing the palladium compo- 

35 nent. The impregnated support particles are then dried 

and calcined to remove the solvent and convert the precur- 
sor to the oxide form. There may be an oxygen storage 
component in the second layer, but not in intimate contact 
with the palladium component therein; rather, it is pres- 
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ent, if at all, in bulk particulate form, intermixed with 
support particles bearing the palladium. 

A downstream catalytic material of the present in- 

5 vention preferably contains an oxygen storage component, 
i.e., oxides of one or more of cerium, cobalt, iron, mag- 
nesium, molybdenum, nickel, praseodymium, tungsten and 
vanadium, with the most preferred oxygen storage component 
being cerium oxide and praseodymium oxide. The oxygen 

10 storage component may be present in an amount of at least 
5 weight percent, preferably at least 10 weight percent, 
and more preferably at least 15 weight percent of the cat- 
alytic material, calculated on a dry basis as the oxide. 
The oxygen storage component may be incorporated into the 

15 support particles or other particulate components of the 
catalytic material by methods known in the art, as de- 
scribed below. As stated above, the oxygen storage com- 
ponent takes up oxygen during oxygen rich periods and 
releases oxygen during oxygen poor periods, thus reducing 

20 fluctuations in oxidation conversion performance. 

In addition to the above-listed components, a down- 
stream catalytic material may contain bulk "co-formed" 
composites of zirconium oxide and at least one rare earth 
metal oxide. Such materials, which may optionally be used 

25 as support materials, are disclosed, for example, in U.S. 
Patents 4,624,940 and 5,057,483, both of which are hereby 
incorporated herein by reference. These patents teach 
that such composites may be formed by co-precipitation, by 
co-gelling, or by any other suitable technique in which 

30 the resultant product contains the rare earth metal oxide 
dispersed substantially throughout the entire zirconium 
oxide matrix in the finished product, and not merely on 
the surface of the zirconium oxide particles or only with- 
in a surface layer leaving a substantial core of the zir- 

35 conium oxide matrix without rare earth metal oxide dis- 
persed therein. One suitable technique is illustrated in 
the article by Luccini, E., Mariani, S., and Sbaizaro, O. 
(1989) "Preparation of Zirconia Cerium Carbonate in Water 
With Urea", Int. J. of Materials and Products Technology , 
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Vol. 4, No. 2, pp. 167-175, the disclosure of which is 
hereby incorporated herein by reference. As disclosed, 
starting at page 169 of the article, a dilute (0.1 molar) 
5 distilled water solution of zirconyl chloride and cerium 
nitrate in proportions to promote a final product of 
ZrO 2 -10 mole % Ce0 2 is prepared with ammonium nitrate as a 
buffer to control pH. The solution was boiled with con- 
stant stirring for two hours and complete precipitation 
10 was attained with the pH not exceeding 6.5 at any stage. 
The co-precipitates may, after washing, be spray-dried or 
freeze-dried to remove water and then calcined in air at 
about 500 °C to form the co-formed rare earth metal oxide- 
zironia support. Particularly preferred are particles 
15 comprising greater than 50 weight percent zirconium oxide 
and preferably from 60 to 90 weight percent zirconium 
oxide, from 10 to 30 weight percent cerium oxide and op- 
tionally from about 0.1 to about 10 weight percent of a 
non-cerium oxide rare earth metal oxide selected from the 
20 group consisting of yttria, lanthana and neodymia. 

The composition of the downstream catalyst may in- 
clude other conventional additives such as sulfide sup- 
pressants, e.g., nickel or iron components. If nickel 
oxide is used, an amount of from about 1% to 25% by weight 
25 of the first coat of catalytic material can be effective, 
as disclosed in commonly owned patent application Serial 
Number 07/787,192, filed November 4, 1991 and entitled 
"High Performance Thermally Stable Catalyst", now U.S. 
Patent 5,212,142 issued May 18, 1993, which is hereby 
30 incorporated herein by reference. A catalytic material as 
described and claimed therein generally comprises (a) a 
first support comprising stabilized alumina, (b) a cata- 
lytically effective amount of a first platinum catalytic 
component dispersed on the first support, (c) a second 
35 support consisting essentially of a rare earth metal 

oxide, and (d) a catalytically effective amount of both a 
rhodium catalytic component and a palladium catalytic 
component dispersed on the second support, the rhodium and 
palladium catalytic components being present in quantities 
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to provide in the cataltyic material a rhodium to palla- 
dium weight ratio of from about 50:1 to 1:50; measured as 
metals. An underfloor catalyst member for use in the 

5 present invention may advantageously comprise a rhodium 
component which, at the relatively low temperatures that 
prevail at the underfloor position, will be able to pro- 
vide N0 X reduction activity when a close-coupled catalyst 
would be at a temperature that would inactivate rhodium 

10 from its NO x reduction activity. 

When tested according to FTP 1975, less than 90, 
preferably less than 75, more preferably less than 70, and 
most preferably less than 60 mole percent of the carbon 
monoxide initially (pre-catalytic treatment) contained in 

15 the exhaust is oxidized in the upstream or first close- 
coupled catalyst. Stated another way, when tested accord- 
ing to the FTP 1975 test, at least 10, preferably at least 
25, more preferably at least 30, and most preferably at 
least 40 mole percent of the initial content of carbon 

2 0 monoxide is not oxidized in the upstream catalyst and will 
pass from the upstream catalyst to a downstream catalyst. 

In preparing a catalytic material, a suitable com- 
pound and/or complex of any catalytic component, e.g., the 
platinum group metals, may be utilized to achieve disper- 

25 sion of the component onto the bulk support material. As 
used herein, the term "compound", as in "platinum group 
metal compound" means any compound, complex, or the like 
which, upon calcination or use of the catalyst, decomposes 
or otherwise converts to a catalytically active form, 

30 which is usually the metal oxide. Water-soluble compounds 
or water-dispersible compounds or complexes of one or more 
catalytic components may be utilized as long as the liquid 
used to impregnate or deposit the catalytic compounds onto 
the support material does not adversely react with other 

35 components of the catalytic metal, and is capable of being 
removed from the catalyst by volatilization or decomposi- 
tion upon heating and/or the application of a vacuum. In 
some cases, the completion of removal of the liquid (which 
may be present as, e.g., water of crystallization) may not 
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occur until the catalyst is placed into use and subjected 
to the high temperatures encountered during operation. 
Generally, both from the point of view of economics and 

5 environmental aspects, aqueous solutions of soluble com- 
pounds or complexes are preferred. For example, suitable 
water-soluble platinum group metal compounds are chloro- 
platinic acid, amine solubilized platinum hydroxide, rho- 
dium chloride, rhodium nitrate, hexamine rhodium chloride, 

10 palladium nitrate or palladium chloride, etc. The com- 
pound-containing liquid is impregnated into the pores of 
the bulk support particles of the catalyst, and the im- 
pregnated material is dried and preferably calcined to 
bind the platinum group metal into the support material . 

15 During the calcination step, or at least during the ini- 
tial phase of use of the catalyst, such compounds are 
converted into a catalytically active form of the platinum 
group metal or a compound thereof. An analogous approach 
can be taken to incorporate the other components into the 

20 catalytic material. For example, the oxygen storage com- 
ponent can be incorporated into the platinum group metal- 
containing refractory oxide support in the form of an 
aqueous solution. Examples of water-soluble, decomposable 
oxygen storage components which can be used for this pur- 

25 pose include, but are not limited to, cerium acetate, pra- 
seodymium acetate, cerium nitrate, praseodymium nitrate, 
etc. The impregnated material is then dried and calcined 
in air to give a first layer which contains an oxide of 
the oxygen storage component in intimate contact with the 

30 platinum group metal. 

The oxygen storage component may be incorporated into 
the catalytic material in bulk form. By "bulk form" is 
meant that the cerium oxide and/or praseodymium oxide is 
present as discrete particles which may be as small as 1 

35 to 15 microns in diameter or smaller and which are admixed 
with particles of the support material, as described in 
U.S. Patents 4,714,694 and 4,727,052, both of which are 
hereby incorporated herein by reference. These patents 
illustrate that particles of cerium oxide may be admixed 
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with particles of activated alumina so that the cerium 
oxide is present in solid or bulk form as opposed to, for 
example, impregnating alumina particles with a solution of 

5 cerium oxide compound which upon calcination is converted 
to cerium oxide disposed within the alumina particles. 

The catalytic materials are typically used in partic- 
ulate form with particles in the micron-sized range, e.g., 
10 to 20 microns in diameter, so that they can be formed 

10 into a slurry and applied as a washcoat on a carrier mem- 
ber, as is well-known in the art. Any suitable carrier 
member may be employed, such as a honey comb- type carrier 
of the type having a plurality of fine, parallel gas- flow 
passages extending therethrough from an inlet or an outlet 

15 face of the carrier, so that the passages are open to flu- 
id-flow therethrough. The passages, which are typically 
essentially straight from their fluid inlet to their fluid 
outlet, are defined by walls on which the catalytic mate- 
rial is coated as a "washcoat" so that the gases flowing 

20 through the passages contact the catalytic material. The 
flow passages of the carrier member are thin-walled chan- 
nels which can be of any suitable cross-sectional shape 
and size such as trapezoidal, rectangular, square, sinu- 
soidal, hexagonal, oval, or circular. Such structures may 

2 5 contain from about 60 to about 700 or more gas inlet open- 
ings ("cells") per square inch of cross section ("cpsi" ), 
more typically 200 to 400 cpsi. Such honeycomb-type car- 
rier may be made of any suitable refractory material, for 
example, it may be formed from a ceramic-like material 

30 such as cordierite, cordierite-alpha-alumina, silicon 

nitride, zirconium mullite, spodumene, alumina-silica mag- 
nesia, zirconium silicate, sillimanite, magnesium sili- 
cates, zirconium oxide, petalite, alpha-alumina and alu- 
mino-silicates. Alternatively, a honeycomb- type carrier 

35 may be made of a refractory metal such as a stainless 
steel or other suitable iron-based, corrosion-resistant 
alloys. The coated carrier is disposed in a canister 
configured to protect the catalyst member, to facilitate 
establishment of a gas flow path through the catalyst mem- 
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ber, as is known in the art. 

When deposited as a washcoat onto a honeycomb-type 
carrier, the amounts of the various catalytic components 

5 of the catalytic material are often presented based on 

grams per volume basis, e.g., grams per cubic foot (g/ft 3 ) 
for platinum group metal components and grams per cubic 
inch (g/in 3 ) for catalytic materials generally, as these 
measures accommodate different gas-flow passage cell sizes 

10 in different honeycomb-type carriBr substrates. For typi- 
cal automotive exhaust gas catalytic converters, the cata- 
lyst member generally comprises from about 0.5 to about 6 
g/in 3 , preferably from about 1 to about 5 g/in 3 of cata- 
lytic material washcoat on the carrier. A typical down- 

15 stream catalytic material for use with the present inven- 
tion may comprise platinum, palladium and rhodium in pro- 
portions of 1:14:1 in a total platinum group metal loading 
of 3.76 g/ft 3 . Preferred amounts of the various compo- 
nents for the upstream catalyst member are, at least about 

20 50 g/ft 3 , e.g., from about 50 to about 400 g/ft 3 , prefer- 
ably 75 to 400 g/ft 3 of palladium component, from 0 to 20 
g/ft 3 of platinum group metal components selected from the 
group consisting of rhodium, ruthenium and iridium compo- 
nents, and from 0 to 60 g/ft 3 of a platinum component, all 

25 calculated as the metals. To attain the desired oxidation 
of hydrocarbon and controlled oxidation of carbon monox- 
ide, the amount of palladium should exceed the amount of 
other platinum group metals in the catalytic material. 
Activated alumina, the preferred support material, is 

30 present in a quantity of preferably from 0.5 to about 3.5 
g/in 3 with zirconium oxide stabilizer incorporated therein 
in an amount of up to about 0.5 g/in 3 and preferably 0.0 5 
to 0.2 g/in 3 . The amount of the alkaline earth metal 
component is from about 0 to 0.6 g/in 3 and preferably from 

3 5 about 0.05 to about 0.5 g/in 3 , calculated as the oxide. 

The amount of the rare earth metal component is preferably 
from 0.0 to 0.6 g/in 3 and more preferably 0.05 to 0.5 
g/in 3 , calculated as the oxide, lanthanum and neodymium 
oxides being preferred. Catalytic material is typically 
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coated on a carrier member at a loading of from about 0 . 5 
to about 6 g/in 3 . 

The volume of the first close-coupled catalyst mem- 

5 ber, i.e., the volume occupied by the catalytic material- 
bearing flow-through carrier, may be about 10 to 30 per- 
cent of the total engine cylinder volume that produces the 
exhaust gas received by the catalyst member. Generally, 
the volume of the first close-coupled catalyst member 

10 constitutes from about one- twentieth to about one-half of 
the total catalyst volume of the apparatus. For example, 
when the apparatus comprises only two catalyst members, 
e.g., only a first and, the first close-coupled catalyst 
member has a volume that is about one-fifth that of the 

15 second close-coupled catalyst member. 

When an exhaust gas treatment apparatus in accordance 
with the present invention comprises first and second 
close-coupled catalyst members and an underfloor catalyst 
member, the volume of the first close-coupled catalyst 

20 member is preferably about one-half of that of the second 
close-coupled catalyst member, and the ratio of the total 
volume of the first and second catalyst members to that of 
the underfloor catalyst member is preferably from about 
1:1 to 1:3. 

25 Reference is made to Figure 1 which schematically 

illustrates a particular configuration for an exhaust 
treatment apparatus of the present invention. Figure 1 
shows an exhaust treatment apparatus 10 for a gasoline 
engine 12 (shown in dotted outline) in an engine compart- 

30 ment 14 (indicated in dotted outline) of a motor vehicle 
(not shown). The gasoline engine 12 is equipped with an 
engine exhaust manifold 16 which collects exhaust gases 
from the engine's cylinders and directs the gases to a 
common manifold outlet 18. Exhaust treatment apparatus 10 

35 comprises a close-coupled, upstream catalyst canister 20, 
which has an inlet where it receives exhaust gases from 
manifold 16 through a short pipe 22. Canister 20 houses 
at least one, preferably two catalyst members through 
which the exhaust gases flow. Due to the proximity of 
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canister 20 to enginer 12, any catalyst member therein 
comprises a close-coupled catalyst. Apparatus 10 further 
comprises an underfloor downstream canister 24 connected 

5 to upstream canister 20 by exhaust pipe 26. Underfloor 

canister 24 contains a downstream catalyst member compris- 
ing a suitable three-way catalytic material as described 
above. Pipe 22, canister 20, pipe 26 and canister 24 
together define part of a flow path for the exhaust gases 

10 flowing therethrough. The underfloor canister 24 is typ- 
ically connected through a pipe 28 to muffler 30 (shown in 
dotted outline) which is not considered to be part of the 
treatment apparatus for purposes of the present invention. 
The muffler 30 is connected to tail pipe 32 having a tail 

15 pipe outlet 42 which opens to the environment. 

Figure 2 shows a schematic drawing of a simple embod- 
iment of an exhaust gas treatment apparatus 10a in accor- 
dance with the present invention. Apparatus 10a comprises 
a close-coupled upstream canister 20a in combination with 

20 underfloor downstream canister 24, to which it is con- 
nected through pipe 26. The close-coupled canister 20a 
contains a single close-coupled catalyst member 120a which 
comprises an upstream catalytic material that is substan- 
tially free of oxygen storage components. The underfloor 

25 canister 24 comprises a downstream catalyst member 124 

which comprises a three-way catalytic material comprising 
an oxygen storage component. 

A more preferred embodiment of the present invention 
is shown in Figure 3. In this embodiment, apparatus 10b 

30 comprises two close-coupled canisters 20b and 20c, which 
contain a first close-coupled catalyst member 120b and a 
second close-coupled catalyst member 120c, respectively. 
Two canisters are employed to accommodate two close-coup- 
led catalyst members that are different in diameter and/or 

35 cross-sectional configuration. For example, the first 
close-coupled catalyst member 120b may have a circular 
cross-sectional configuration while the second close-coup- 
led catalyst member 120c has a racetrack cross-sectional 
configuration (i.e., two parallel sides separating two 
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rounded sides). In a particular embodiment useful in 
connection with the exhaust from one manifold of a dual 
manifold medium duty truck, catalyst member 120b is cylin- 

5 drical, 3 inches in diameter and 3 inches in length with 
350 cpsi and 300 g/ft 3 of Pd; catalyst member 120c may 
have an elliptical configuration measuring 3.4 inches x 
5.0 inches x 3.84 inches in length with a cell density of 
350 cpsi and a Pd loading of 100 g/ft 3 . The underf loor 

10 catalyst member in canister 24 could have a racetrack con- 
figuration measuring 3.18 inches x 6.68 inches x 5 inches, 
with a cell density of 350 cpsi and 100 g/ft 3 of platinum 
group metals in a Pt:Pd:Rh ratio of 1:14:1. To reduce the 
pressure drop in the exhaust gas stream flowing through 

15 the catalyst member, the carrier member may be configured 
to have thinner cell walls than a conventional carrier 
member. 

Figure 4 illustrates an alternative embodiment in 
which a close-coupled canister 20d contains two adjacent 

20 catalyst members, an upstream, first close-coupled cata- 
lyst member 120d and a downstream second close-coupled 
catalyst member 120d'. First closed-coupled catalyst 
member 120d comprises an oxygen storage component-free 
close-coupled catalytic material. Second close-coupled 

25 catalyst member 50 is disposed downstream from catalyst 
member 48 and preferably comprises a three-way catalytic 
material that includes an oxygen storage component. First 
and second close-coupled catalyst members 120d and 120d' 
are disposed immediately adjacent to each other and pref- 

30 erably have corresponding cross-sectional dimensions. Ac- 
cordingly, they are conveniently disposed within a single 
canister. Adjacent catalyst members also preferably have 
the same cross-sectional gas flow passage densities. 

The following Examples are presented to provide a 

35 more complete understanding of the invention. The spe- 
cific techniques, conditions, materials, proportions and 
reported data set forth to illustrate the principles and 
practice of the invention are exemplary and should not be 
construed as limiting the scope of the invention. 
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Example 1 

5 Seven hundred thirty-eight grams of gamma-alumina 

powder having a surface area of about 160 square meters 
per gram (160 m 2 /g) were impregnated with an aqueous pal- 
ladium nitrate solution containing 34.5 grams of palladi- 
um. The palladium-containing alumina and a zirconium ace- 

10 tate solution, in an amount sufficient to form 60.1 grams 
of Zr0 2 , were ballmilled with deionized water to form a 
slurry. A washcoat slurry was formed by adding to the 
slurry a lanthanum nitrate solution in an amount suffi- 
cient to form 114 grams La 2 0 3 , a neodymium nitrate solu- 

15 tion in an amount sufficient to form 95.9 grams Nd 2 0 3 , 

barium oxide in an amount sufficient to form 54 grams BaO 
and strontium nitrate crystals in an amount sufficient to 
form 60 grams SrO. The slurry contained about 48% by 
weight of solids. A cordierite support containing about 

20 400 flow passages per square inch of cross section 

("cpsi") was dipped into the washcoat slurry. The excess 
was blown off the support using compressed air. After be- 
ing calcined at 450°C, the resultant catalyst member con- 
tained 100 g/ft 3 palladium, 1.23 g/in 3 alumina, 0.19 g/in 3 

25 La 2 0 3 , 0.1 g/in 3 Zr0 2 , 0.1 g/in 3 strontium oxide, 1.09 

g/in 3 BaO and 0.16 g/in 3 Nd 2 0 3 and is designated catalyst 
member A. 

Example 2 

30 (Comparative Example) 

A catalyst member was prepared using two washcoat 
layers of catalytic material which together have the same 
loadings of catalytic component described in Example 1. 
35 In this comparative example, the washcoat layers addition- 
ally contained 0.4 g/in 3 of a co-formed cerium oxide-zir- 
conium oxide composite, 0.3 g/in 3 of cerium oxide intro- 
duced into the slurry as cerium nitrate and 0.2 3 g/in 3 of 
cerium oxide introduced into the slurry as cerium nitrate 
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and 0.23 g/in 3 of cerium oxide introduced as cerium hy- 
droxide. The finished catalyst member is designated cata- 
lyst member B. 

5 

Example 3 
(Testing) 

Sample test cylinders measuring 1.5 inches in diame- 

10 ter and 3 inches in length were taken from catalyst mem- 
bers A and B. The axes of the cylinders were parallel to 
the axes of the honeycomb passages in the catalyst mem- 
bers. Each core was individually aged in 10% steam in air 
at 950°C for 12 hours. After the aging, the catalyzed 

15 cores were evaluated using a laboratory reactor with a 

simulated exhaust composition (Feed Gas) under 50,000 VHSV 
(Gas Volume per Hour per Substrate Volume). The steady 
state gas composition was 0.33 mole % CO, 0.41 mole % 0 2 , 
16 mole % C0 2 , 10 mole % H 2 0, 540 parts per million 

20 ("ppm") hydrocarbons (HC), 1,540 ppm N0 X , and the balance 
N 2 . The perturbation composition was 0.76 mole %, 0.67 
mole % 0 2 , 15.80 mole % C0 2 , 10 mole % H 2 0, 52 8 ppm HC, 
1500 ppm NO x , 45 ppm S0 X and the balance N 2 . HC/CO/NO x 
conversions were measured while the reactor temperature 

2 5 was gradually raised from ambient temperature to 500 °C. 

Hydrocarbon concentration was measured using a flame ioni- 
zer detector (FID), carbon monoxide concentrations were 
measured using an infrared analyzer, and NO x concentration 
was measured using a chemluminescent analyzer. The re- 

30 suits of light-off temperature are presented in TABLE 1. 
The light-off temperature is the temperature at which 
there is 50% conversion. 



35 
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TABLE I 
LIGHT-OFF TEMPERATURES 

5 _ 
CATALYST 

MEMBER HC CO NO 



10 A 252»C 228°C 213°C 

B (Comparative) 287 258 236 



15 The results summarized in TABLE I indicate that cata- 

lyst member A has lower light-off temperature for CO, HC 
and NO x than the comparative catalyst member B. This in- 
dicates that a catalytic material that is free of oxygen 
storage component is more effective at lower temperatures 

20 than a catalytic material comprising an oxygen storage 
component, and so is advantageously placed in a close- 
coupled position, preferably in an upstream close-coupled 
position, for the treatment of cold-start exhaust gases. 

25 Example 4 

A catalytic material washcoat was prepared as de- 
scribed in Example 1 except that barium oxide was not in- 
cluded. The washcoat was applied to a cordierite honey- 

30 comb-type carrier three inches in diameter by three inches 
in length and having 350 cpsi and the resulting catalyst 
member was designated catalyst member C. A comparative 
catalyst member was prepared in the same manner as cata- 
lyst member B, and was designated catalyst member D. Cat- 

35 alyst members C and D were canned and aged using 4.6 liter 
engine exhaust gas streams for 85 hours. The maximum en- 
gine exhaust gas temperature at the catalyst inlet was 
920°C. After the aging, the catalyst members were evalu- 
ated using a 1.9 liter vehicle according to Federal Test 
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Procedure (FTP) 1975. The results of CO/HC/NO x conver- 
sions are shown in TABLE II. 

TABLE II 
FTP 1975 - VEHICLE TEST 
CONVERSION EFFICIENCIES 



10 CATALYST MOLE % CONVERSION 

MEMBER CO HC NO 



C 58.6% 89.1% 53.4% 

15 

D (Comparative) 69% 86.5% 47.2% 



The results summarized in TABLE II indicate that 

20 catalyst member C had higher HC and NO x conversions and 
lower CO conversion than the comparative catalyst member 
D. The higher CO conversion of comparative catalyst mem- 
ber D is due to cerium oxide incorporated in the washcoat 
which is known to enhance CO conversion. The data of TA- 

25 BLE II demonstrate that by not including oxygen storage 
component cerium oxide in catalyst member C, the conver- 
sion reaction in the close-coupled catalyst is controlled 
to enable CO to pass to a downstream catalyst. Lessening 
CO oxidation in the close-coupled catalyst will result in 

30 lower operating temperature and greater durability since 
the heat of CO oxidation would exacerbate the high-temper- 
ature conditions that prevail at the upstream close-coup- 
led position. The CO which passes to the downstream cata- 
lyst, e.g., to an underfloor catalyst, will oxidize and 

35 enable the downstream catalyst to operate at a warmer con- 
dition at the otherwise relatively cool downstream posi- 
tion and more effectively eliminate exhaust gas pollu- 
tants. Comparative catalyst member D is useful as an 
underfloor catalyst. 
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Example 5 

A. Preparation of Oxygen Storage Component-Free 
5 Upstream Closed-Coupled Catalytic Material 

Seven hundred thirty-eight grams of gamma-alumina 
powder having a surface area of about 160 square meters 
per gram (160 m 2 /g) were impregnated with an aqueous pal- 

10 ladium nitrate solution containing 103.5 grams of palladi- 
um. The palladium-containing alumina and a zirconium ace- 
tate solution in an amount sufficient to form 60.1 grams 
of Zr0 2 were ballmilled with deionized water to form a 
slurry. A lanthanum nitrate solution was added to the 

15 slurry in an amount sufficient to form 114 grams La 2 0 3 , a 
neodymium nitrate solution was added to the slurry in an 
amount sufficient to form 95.9 grams of Nd 2 0 3 , and stron- 
tium nitrate crystals were added in an amount sufficient 
to form 60 grams SrO. The resulting slurry contained 

20 about 48% by weight solids. A cordierite carrier occupy- 
ing 26.7 in 3 and containing about 400 cpsi was dipped into 
the washcoat slurry, the excess was blown off the carrier 
using compressed air. After being calcined at 450°C, the 
resultant catalyzed carrier, which was cylindrical in 

25 configuration and measured 3.37 inches in diameter and 3 
inches in length, had 1.7 8 g/in 3 of catalytic material 
thereon, containing 300 g/ft 3 palladium, 1.23 g/in 3 alu- 
mina, 0.19 g/in 3 La 2 0 3 , 0.1 g/in 3 Zr0 2 , 0.1 g/in 3 stron- 
tium oxide, and 0.16 g/in 3 Nd 2 0 3 and was designated cata- 

30 lyst member E. 

B. Preparation of Downstream Close-Coupled 
Catalytic Material 

35 1 . The First Layer 

A quantity of 700 grams of gamma-alumina powder 
having a surface area of 160 square meters per gram (160 
m 2 /g) was impregnated with an aqueous palladium nitrate 
solution containing 31.9 grams of palladium. The palla- 
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dium-containing alumina, a nitric acid-stabilized colloi- 
dal dispersion of cerium oxide containing 300 grams Ce0 2 
prepared from Ce0 2 particles about 100 Angstroms in diame- 

5 ter, cerium nitrate crystals in an amount sufficent to 
form 500 grams Ce0 2 , lanthanum nitrate crystals in an 
amount sufficient to form 100 grams La 2 0 3 , barium acetate 
in an amount sufficient to form 60 grams BaO, zirconium 
acetate solution in an amount sufficient to form 14 0 grams 

10 ZrO and 500 grams of co-formed cerium oxide-zirconium 
oxide powder (surface area 50 mVg containing 20 weight 
percent Ce0 2 ) were ballmilled with acetic acid to form a 
slurry. The slurry was further mixed with 70 grams of 
pre-milled NiO particles in deionized water to form a 

15 washcoat layering slurry containing about 4 8% by weight 
solids. A cordierite carrier containing about 400 flow 
passages per square inch of cross section was dipped into 
the washcoat slurry, the excess was blown off the carrier 
by compressed air. The resultant catalyzed carrier, after 

20 being calcined at 450°C, contained 55 g/in 3 palladium, 0.7 
g/in 3 alumina, 0.8 g/in 3 Ce0 2 , 0.1 g/in 3 La 2 0 3 , 0.14 g/in 3 
Zr0 2 , 0.06 g/in 3 BaO, 0.5 g/in 3 cerium oxide-zirconium 
oxide composite and 0.07 g/in 3 NiO. 

25 2. The Second Layer 

A quantity of 700 grams of the same type of alu- 
mina powder as used in Part 1 was impregnated with a pal- 
ladium nitrate solution containing 31.9 grams of palladi- 
um. The palladium-containing alumina, lanthanum nitrate 

30 crystals in an amount sufficent to form 100 grams La 2 0 3 , 
neodymium nitrate crystals in an amount sufficient to form 
100 grams Nd 2 0 3 , zirconium nitrate crystals in an amount 
sufficient to form 100 grams Zr0 2 and strontium nitrate 
crystals in an amount sufficient to form 100 grams SrO, 

35 were ballmilled with deionized water to form a washcoat 
layering slurry which contained about 30% by weight sol- 
ids. The carrier layered with the first layer in Part 1 
of this catalyst was dipped into the second layer slurry. 
After blowing off the excess with compressed air and dry- 
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ing and calcining at 450°C / the carrier picked up an ad- 
ditional 1.13 g/in 3 of washcoat containing 55 g/ft 3 palla- 
dium, 0.7 g/in 3 alumina, 0.1 g/in 3 La 2 0 3 , 0.1 g/in 3 Nd 2 O 
5 0.1 g/in 3 Zr0 2 and 0.1 g/in 3 SrO. The final catalyzed 
carrier contained 110 g/in 3 palladium and was designated 
catalyst member F. 

C Preparation of Underfloor Catalytic Material 

10 

1. The First Layer 

A quantity of 700 grams of gamma-alumina powder 
having a surface area of 160 square meters per gram (160 
m 2 /g) was impregnated with an aqueous palladium nitrate 

15 solution containing 37.2 grams of palladium. A quantity 
of 350 grams of cerium oxide-zirconium oxide composite 
(20% by weight of Ce0 2 ) powder having a surface area of 50 
square meters per gram was impregnated with an aqueous 
platinum amine hydroxide solution containing 0.81 grams of 

20 platinum. All 0.81 grams of platinum were impregnated. 
The palladium containing alumina, the platinum containing 
cerium oxide-zirconium oxide composite, lanthanum nitrate 
crystals in an amount sufficent to form 52.5 grams La 2 0 3 , 
neodymium nitrate crystals in an amount sufficient to form 

25 70 grams Nd 2 0 3 , zirconium acetate solution in an amount 
sufficient to form 35 grams Zr0 2 and strontium nitrate 
crystals in an amount sufficient to form 175 grams SrO, 
were ballmilled with deionized water to form a washcoat 
layering slurry which contained about 45% by weight sol- 

30 ids. A cordierite carrier containing about 400 flow pas- 
sages per square inch of cross section was dipped into the 
washcoat slurry and the excess was blown off the carrier 
by compressed air. The resultant catalyzed carrier mea- 
sured 4 inches in diameter, and 10 inches in length and 

35 after being calcined at 450°C, contained 91.88 g/ft 3 pal- 
ladium, 2.0 g/ft 3 platinum, 1.0 g/in 3 alumina, 0.5 g/in 3 
cerium oxide-zirconium oxide composite, 0.075 g/in 3 La 2 0 3 , 
0.1 g/in 3 Nd 2 0 3 , 0.05 g/in 3 Zr0 2 and 0.25 g/in 3 SrO. 



WO 97/23278 



PCT/US96/13641 



-31- 

2. The Second Layer 

A quantity of 600 grams of the same type cerium 
oxide- zirconium oxide composite powder as used in Part 1 

5 was impregnated with an aqueous platinum amine hydroxide 
solution containing rhodium. The platinum and rhodium 
containing cerium oxide-zirconium oxide composite, a 
quantity of 250 grams of the same type alumina powder as 
used in Part A, zirconium acetate solution in an amount 

10 sufficient to form 37.5 grams Zr0 2 were ballmilled with 
deionized water to form a washcoat layering slurry which 
contained about 30% by weight solids. The carrier layered 
with the first layer in Part 1 of this catalyst was dipped 
into the second layer slurry. After blowing off the ex- 

15 cess with compressed air and drying and calcining at 

450°C, the carrier picked up an additional 1.78 g/in 3 of 
washcoat containing 4.56 g/ft 3 platinum, 6.56 g/ft 3 rho- 
dium, 0.5 g/in 3 alumina, 1.2 g/in 3 cerium oxide-zirconium 
oxide composite, and 0.075 g/in 3 Zr0 2 . The final cata- 

20 lyzed carrier occupied 125.6 in 3 and contained 91.875 

g/ft 3 palladium, 6.56 g/ft 3 rhodium and 6.56 g/ft 3 plat- 
inum and was designated catalyst member G. 

Example 6 

25 

Catalyst members E and G were aged in engine exhaust 
for 75 hours at an exhaust gas temperature of 800°C. 
After aging, an exhaust treatment apparatus in accordance 
with the present invention was assembled in which catalyst 

30 member E was placed in a first close-coupled position, 
catalyst member F was placed in a second close-coupled 
position, and catalyst member G was placed in an under- 
floor catalyst position. Thus, the exhaust treatment 
apparatus of this embodiment of the present invention com- 

35 prised a first close-coupled catalyst E that was substan- 
tially free of oxygen storage components (catalyst member 
E) a downstream underfloor member G comprising an oxygen 
storage component. The apparatus was connected to a ve- 
hicle having a 2.4 liter engine, and the vehicle was sub- 
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jected to Federal Testing Procedure ("FTP") 1975. The 
tailpipe emissions were measured, and were found to be 
below the California Ultra Low Emission Vehicle ("ULEV") 
standards, as shown in the following Table III. 

TABLE III 

NMHC* CO N0 X 

g/mile g/mile g/mile 



ULEV 

Maximum 0.04 1.75 0.2 



Test E + G 0.027 0.745 0.044 



Non-methane hydrocarbons 

20 The data of TABLE III show that the described exhaust 

gas treatment apparatus according to the present invention 
meets the new California Air Resource Board ULEV emissions 
requirements. 

25 Example 7 

Catalyst members H, I and J were prepared in the same 
manner as catalyst members E, F and G, respectively, of 
Example 6. Catalyst member H was sized to occupy 21 in 3 , 

30 catalyst member I was sized to occupy 55 in 3 , and catalyst 
member J was sixed to occupy 92 in 3 . Prior to testing, 
catalyst members H and I were aged in engine exhaust for 
75 hours at an exhaust gas inlet temperature of 820°C. 
Catalyst member J was aged for 5 hours in engine exhaust 

35 at an exhaust gas inlet temperature of 800°C. An exhaust 
treatment apparatus comprising catalyst members H and I as 
close-coupled catalysts and catalyst member J as an under- 
floor catalyst was installed on a vehicle having a 4.7 
liter engine and was tested according to Federal Test Pro- 
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cedure ("FTP") 1975. The conversion results are set forth 
below in TABLE IV. 



10 



NMHC* % 


CO% 


NO x % 


98.3 


97.1 


96.2 



Non-methane Hydrocarbons 



15 The data of TABLE IV show that even after aging, the 

apparatus comprising catalyst members H, I and J provided 
sufficient conversion activity for a typical vehicle emit- 
ting 2.0 g/mile hydrocarbons, 10 g/mile carbon monoxide, 
and 3 g/mile NO x to meet stringent CARB standards. 

20 

While the invention has been described in detail with 
reference to particular embodiments thereof, it will be 
apparent that upon a reading and understanding of the 
foregoing, numerous alterations to the described embodi- 
25 ments will occur to those skilled in the art and it is in- 
tended to include such alterations within the scope of the 
appended claims. 



30 



WO 97/23278 



PCT/US96/13641 



-34- 
THE CLAIMS 

What is claimed is: 

1. An engine exhaust treatment apparatus for abating 
pollutants contained in the exhaust stream of the engine 
defines a flow path for the exhaust and comprises: 

(a) an upstream catalyst member comprising an 
upstream catalytic material effective for catalyzing the 
oxidation of hydrocarbons and comprising a platinum group 
metal component dispersed on a refractory metal oxide 
first support, the upstream catalyst being substantially 
free of oxygen storage components; and 

(b) a downstream catalyst member comprising a 
downstream catalytic material effective at least for the 
oxidation of hydrocarbons and comprising one or more 
catalytic metal components dispersed on a refractory metal 
oxide support and further comprising an oxygen storage 
component. 

2. The apparatus of claim 1 wherein the upstream 
catalyst member comprises a first close-coupled catalyst 
member and wherein the platinum group metal component of 
the upstream catalytic material comprises a palladium 
component . 

3. The apparatus of claim 2 wherein the downstream 
catalytic material comprises a rhodium component. 

4. The apparatus of claim 3 wherein the upstream 
catalytic material is substantially free of rhodium. 

5 . The apparatus of claim 2 wherein the downstream 
catalyst member comprises an underfloor catalyst member. 

6. The apparatus of claim 1 or claim 2 wherein the 
downstream catalyst member comprises a second close-coup- 
led catalyst member and wherein the downstream catalytic 
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material comprises a palladium component and an oxygen 
storage component. 

7. The apparatus of claim 6 further comprising an 
underfloor catalyst member comprising a three-way cata- 
lytic material. 

8. The apparatus of claim 7 wherein the first close- 
coupled catalyst member and the second close-coupled cata- 
lyst member have different cross-sectional dimensions and 
are disposed within separate canisters. 

9. The apparatus of claim 7 wherein the first close- 
coupled catalyst member and the second close-coupled cata- 
lyst member have like cross-sectional dimensions and are 
disposed within the same canister. 

10. The apparatus of claim 7 wherein the first and 
the second catalyst members each comprise a catalytic 
material comprising palladium and wherein the three-way 
catalytic material of the underfloor catalyst member com- 
prises rhodium. 

11. The apparatus of claim 1 or claim 2 wherein the 
upstream catalytic material comprises at least one rare 
earth metal oxide selected from the group consisting of 
neodymium oxide and lanthanum oxide. 

12. An engine exhaust treatment apparatus for abating 
pollutants contained in the exhaust stream of the engine 
defines a flow path for the exhaust and comprises: 

(a) a first close-coupled catalyst member com- 
prising a first catalytic material effective for catalyz- 
ing the oxidation of hydrocarbons and comprising a palla- 
dium catalytic component dispersed on a refractory metal 
oxide first support, the first catalytic material being 
substantially free of rhodium and oxygen storage compo- 
nents ; 
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(b) a second closed-coupled catalyst member com- 
prising a second catalytic material effective at least for 
the oxidation of hydrocarbons; and 

(c) an underfloor catalyst member comprising a 
third catalytic material effective for three-way abatement 
of pollutants; 

wherein at least one of the second close-coupled 
downstream catalyst member and the underfloor member com- 
prise an oxygen storage component. 

13. The apparatus of claim 12 wherein the first cata- 
lytic material comprises at least one of an alkaline earth 
metal oxide, a rare earth metal oxide other than cerium 
oxide or praseodymium oxide, and zirconium oxide. 

14. The apparatus of claim 12 wherein the first 
close-coupled catalyst member comprises from about 0.5 to 
about 3.5 g/in 3 of activated alumina and at least about 50 
g/ft 3 of palladium component calculated as palladium metal 
and from about 0.05 to about 0.5 g/in 3 of the at least one 
alkaline earth metal component, calculated as the oxide. 

15. The apparatus of claim 14 wherein the first 
close-coupled catalyst member comprises from about 0.05 
g/in 3 to about 0.4 g/in 3 of strontium oxide; 

not more than about 0.5 g/in 3 of zirconium oxide 
incorporated into the support material; and 

not more than about 0.5 g/in 3 of at least one 
rare earth metal oxide selected from the group consisting 
of lanthanum oxide and neodymium oxide. 

16. The apparatus of claim 15 wherein the first 
close-coupled catalyst member comprises at least 60 g/ft 3 
of a platinum group metal component and wherein the plat- 
inum group metal component principally comprises a palla- 
dium component. 

17. The apparatus of claim 15 wherein the first 
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close-coupled catalyst member comprises from about 75 to 
about 300 g/ft 3 of the platinum group metal component. 

18. The apparatus of claim 16 wherein the first 
close-coupled catalyst member comprises from about 0.75 to 
about 2.0 g/in 3 of activated alumina support material; and 
at least one component selected from the group consisting 
of: 

from about 0.05 to about 0.4 g/in 3 of strontium 

oxide; 

from about 0.05 to about 0.2 g/in 3 of barium 

oxide; 

from about 0.025 to about 0.3 g/in 3 of lanthanum 

oxide; 

from about 0.025 to about 0.3 g/in 3 of neodymium 
oxide; and 

from about 0.05 to about 0.5 g/in 3 of zirconium 

oxide. 

19. The apparatus of claims 14, 15 or 16 wherein the 
first close-coupled catalyst member comprises about 300 
g/ft 3 palladium, 1.23 g/in 3 alumina, 0.19 g/in 3 lanthanum 
oxide, 0.1 g/in 3 zirconium oxide, 0.1 g/in 3 strontium 
oxide and 0.16 g/in 3 neodymiun oxide; and 

wherein the second close-coupled catalyst member 
comprises about 110 g/ft 3 palladium, 1.4 g/ft 3 , 1.4 g/in 3 
alumina, 0.8 g/in 3 cerium oxide, 0.5 g/in 3 cerium oxide- 
zirconium oxide composite, 0.24 g/in 3 zirconium oxide, 0.2 
g/in 3 lanthanum oxide, 0.1 g/in 3 neodymium oxide, 0.1 
g/in 3 strontium oxide, 0.07 g/in 3 nickel oxide and 0.06 
g/in 3 barium oxide; and 

wherein the underfloor catalyst comprising about 91.9 
g/ft 3 palladium, 6.56 g/ft 3 rhodium, 6.56 g/ft 3 platinum, 
1.5 g/in 3 alumina, 1.7 g/in 3 cerium oxide-zirconium oxide 
composite, 0.1 g/in 3 neodymium oxide, 0.25 g/in 3 strontium 
oxide, 0.125 g/in 3 zirconium oxide, and 0.075 g/in 3 lan- 
thanum oxide. 
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20. A method for treating the exhaust of an engine 
having an exhaust gas outlet comprising flowing the ex- 
haust gas from the exhaust gas outlet of the engine to an 
upstream catalyst comprising an upstream catalytic mate- 
rial effective at least for the oxidation of hydrocarbons 
and comprising a platinum group metal component dispersed 
on a refractory inorganic oxide support, the upstream cat- 
alytic material being substantially free of oxygen storage 
components, and then flowing the exhaust gas to at least 
one catalyst member downstream of the first close-coupled 
catalyst member, the at least one downstream catalyst mem- 
ber comprising a downstream catalytic material effective 
at least for the oxidation of hydrocarbons comprising at 
least one oxygen storage component. 

21. The method of claim 20 wherein the upstream cata- 
lyst is a close-coupled catalyst, comprising converting at 
least 10% of the carbon monoxide in the exhaust over the 
at least one downstream catalyst. 

22. The method of claim 21 comprising converting at 
least 25% of the carbon monoxide in the exhaust over the 
at least one downstream catalyst. 

23. The method of claim 21 comprising converting at 
least 30% of the carbon monoxide in the exhaust over the 
at least one downstream catalyst. 

24. The method of claim 21 comprising converting at 
least 40% of the carbon monoxide in the exhaust over the 
at least one downstream catalyst. 
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